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FOREWORD

The work reported herein was sponsored by the National Aeronautics
and Space Administration (NASA), Marshall Space Flight Center (MSFC)
(I-E-J), under System 921E, Project 9194.

The results of the tests presented were obtained by ARO, Inc. (a sub-
sidiary of Sverdrup & Parcel and Associates, Ine.), contract operator of
the Arnold Engineering Development Center (AEDC), Air Force Systems
Command (AFSC), Arnold Air Force Station, Tennessee, under Contract
AF40{600)-1200. Program direction was provided by NASA/MSFC; tech-
nical and engineering liaison were provided by North American Aviation,
Inc., Rocketdyne Division, Manufacturer of the J-2 rocket engine; and
engineering liaison was provided by Douglas Aircraft Company, manu-
facturer of the S-IVB stage. The testing reported herein was conducted
on July 6 and 7, 1967, in Propulsion Engine Test Cell (J-4) of the Large
Rocket Facility (LRF) under ARO Project No. KA1801. The manuscript
was submitted for publication on August 11, 1967.

Information in this report is embargoed under the Department of
State International Traffic in Arms Regulations. This report may be
released to foreign governments by departments or agencies of the
U. S. Government subject to approval of NASA, Marshall Space Flight
Center (I-E-J}, or higher authority. Private individuals or firms
require a Department of State export license.

This technical report has been reviewed and is approved.

Harold Nelson, Jr. Leonard T. Glaser
Captain, USAF Colonel, USAF
AF Representative, LRF Director of Test

Directorate of Test
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ABSTRACT

Four firings of the Rocketdyne J-2 rocket engine were conducted in
Test Cell J-4 of the Large Rocket Facility. The firings were accom-
plished during test period J4-1801-01 at pressure altitudes ranging
from 97, 000 to 108, 000 ft at engine start to evaluate S-V/S-II gas gener-
ator ignition characteristics for J-2 engine J-2052. Engine components
were temperature conditioned to the predicted values for the S-II
interstage/engine environment, Satisfactory engine operation was ob-
tained. The accumulated firing duration was 45. 3 sec,
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2 rocket engine (S/N J-2052) using a
S-IVB battleship stage has been in progress since July 1966 at AEDC
in support of the J-2 engine application on the Saturn IB and Saturn V
launch vehicles for the NASA Apollo Program. The four firings re-
ported herein were conducted during test period J4-1801-01 on July 6
and 7, 1967, in Propulsion Engine Test Cell {J-4} (Figs. 1 and 2,
Appendix I} of the Large Rocket Facility (LRF) to investigate J-2 engine
S-V/S-II gas generator ignition characteristics. These firings were
accomplished at pressure altitudes ranging from 97, 000 to 108, 000 ft
(geometric pressure altitude, Z, Ref. 1) at engine start and with pre-
dicted S-II interstage/engine temperature conditions as the targets for
conditioning engine components. '

Data collected to accomplish the test objectives are presented here-
in. Copies of all data obtained during this test have been previously
supplied to the sponsor, and copies are on file at AEDC, The results
of the previous test period are presented in Ref, 2,

SECTION 11
APPARATUS

2,1 TEST ARTICLE

The test article was a J-2 rocket engine (Fig. 3) designed and
developed by Rocketdyne Division of North American Aviation, Inc. The
engine uses liquid oxygen and liquid hydrogen as propellants and has a
thrust rating of 225, 000 lbf at an oxidizer-to-fuel mixture ratio of 5.5.
A S-IVB battleship stage was used to supply propellants to the engine.

A schematic of the battleship stage is presented in Fig. 4.

Listings of major engine components and engine orifices for this
test period are presented in Tables I and II, respectively (Appendix II},
All engine modifications and component replacements performed since
the previous test period are presented in Tables IIl and IV, respectively.
The thrust chamber heater blankets were in place during this test period,
although they were not utilized.
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2.1.1 J-2 Rocket Engine

The J-2 rocket engine (Figs. 3 and 5, Ref. 3) features the following
major components:

1.

Thrust Chamber - The tubular-walled, hell-shaped thrust
chamber consists of an 18. 6-in. -diam combustion chamber
(8.0 in. long from the injector mounting to the throat inlet)

with a characteristic length (L*) of 24,6 in., a 170.4-in,2
throat area, and a divergent nozzle with an expansion ratio of
27.1. Thrust chamber length (from the injector flange to the
nozzle exit) is 107 in. Cooling is accomplished by the circula-
tion of engine fuel flow downward from the fuel manifold through
180 tubes and then upward through 360 tubes to the injector.

Thrust Chamber Injector - The injector is a concentric-orificed
{concentric fuel orifices around the oxidizer post orilices),
porous-faced injector. Fuel and oxidizer injector orifice areas
are 25.0 and 16.0 in.2, respectively. The porous material,
ferming the injector face, allows approximately 3.5 percent of
total fuel flow to transpiration cool the face of the injector.

Augmented Spark Igniter - The augmented spark igniter unit is
mounted on the thrust chamber injector and supplies the initial
energy source to ignite propellants in the main combustion
chamber. The augmented spark igniter chamber is an integral
part of the thrust chamber injector. Fuel and oxidizer are ig-
nited in the combustion area by two spark plugs.

Fuel Turbopump - The turbopump is composed of a two-stage
turbine-stator assembly, an inducer, and a seven-stage axial-
flow pump. The pump is self lubricated and nominally produces,
at rated conditions, a head rise of 35,517 ft {1225 psia) of liquid
hydrogen at a flow rate of 8414 gpm for a rotor speed of

26, 702 rpm.

Oxidizer Turbopump - The turbopump is compesed of a two-
stage turbine-stator assembly and a single-stage centrifugal
pump. The pump is self lubricated and nominally produces, at
rated conditions, a head rise of 2117 ft {1081 psia) of liquid
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm.

Gas Generator - The gas generator consists of a combustion
chamber containing two spark plugs, a pneumatically operated
control valve containing oxidizer and fuel poppets, and an in-
jector assembly. The oxidizer and fuel poppets provide a fuel
lead to the gas generator combustion chamber. The high energy
gases produced by the gas generator are directed to the fuel
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turbine and then to the oxidizer turbine (through the turbine
crossover duct) before being exhausted into the thrust.cham-
ber at an area ratio (A/At) of approximately 11.

Propellant Utilization Valve - The motor-driven propellant
utilization valve is mounted on the oxidizer turbopump and by-
passes liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

Propellant Bleed Valves - The pneumatically operated fuel and
oxidizer bleed valves provide pressure relief for the boiloff of
propellants trapped between the battleship stage prevalves and
main propellant valves at engine shutdown.

Integral Hydrogen Start Tank and Helium Tank - The integral
tanks consist of a 7258-in.3 sphere for hydrogen with a
1000-in.3 sphere for helium located within it, Pressurized
gaseous hydrogen in the start tank provides the initial energy
source for spinning the propellant turbopumps during engine
start. The helium tank provides a helium pressure supply to
the engine pneumatic control system,

Oxidizer Turbine Bypass Valve - The pneumatically actuated
oxidizer turbine bypass valve provides control of the fuel
turbine exhaust gases directed to the oxidizer turbine in order
to control the oxidizer-to-fuel turbine spinup relationship. The
fuel turbine exhaust gases which bypass the oxidizer turbine are
discharged into the thrust chamber,

Main Oxidizer Valve - The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
high pressure duct between the turbopump and the main injector.
The first-stage actuator positions the main oxidizer valve at

the 14-deg position to chtain initial thrust chamber ignition; the
second-stage actuator ramps the main oxidizer valve full open

to accelerate the engine to main-stage operation.

Main Fuel Valve - The main fuel valve is a pneumatically
actuated butterfly-type valve located in the fuel high pressure
duct between the turbopump and the guel manifold.

Pneumatic Control Package - The pneumatic control package
controls all pneumatically operated engine valves and purges,

Electrical Control Assembly - The electrical control assembly
provides the electrical logic required for proper sequencing of
engine components during operation.
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15. Primary and Auxiliary Flight Instrumentation Packages - The
instrumentation packages contain sensors required to monitor
critical engine parameters. The packages provide environ-
mental control for the sensors.

2.1.2 S-1VB Battleship Stage

The S-1VB battleship stage is approximately 22 ft in diameter and
49 ft long and has a maximum propellant capacity of 46, 000 1b of liquid
hydrogen and 198, 000 1b of liquid oxygen. The propellant tanks, fuel
above oxidizer, are separated by a common bulkhead. Propellant pre-
valves, in the low pressure ducts (external to the tanks) interfacing the
stage and the engine, retain propellant in the stage until being admitted
into the engine tc the main propellant valves and serve as emergency
engine shutoff valves. Propellant recirculation pumps in both fuel and
oxidizer tanks are utilized to circulate propellants through the low pres-
sure ducts and turbopumps before engine start to stabilize hardware tem-
peratures near normal operating levels and to prevent propellant tem-
perature stiratification. Vent and relief valve systems are provided for
hoth propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by
facility systems using hydrogen and helium, respectively, as the pres-
surizing gases. The engine-supplied gaseous hydrogen and gaseous
oxygen for fuel and oxidizer tank pressurization during S-II flight were
routed to the respective facility venting systems,

2.2 TEST CELL

Test Cell J-4, Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion sys-
tems at pressure altitudes of 100, 000 ft. The basic cell construction
provides a 1. 5-million-lbf-thrust capacity. The cell consists of four
major components (1) test capsule, 48 ft in diameter and 82 ft in height,
situated at grade level and containing the test article; (2) spray chamber,
100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant
water, steam, nitrogen {gaseous and liquid), hydrogen {gaseous and
liquid), and liquid oxygen and gaseous helium storage and delivery sys-
tems for operation of the cell and test article; and {(4) control building,
containing test article controls, test cell controls, and data acquisition
equipment. Exhaust machinery is connected with the spray chamber and
maintains a minimum test cell pressure before and after the engine firing
and exhausts the producis of combustion from the engine firing. Before
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a firing, the facility steam ejector, in series with the exhaust machinery,
provides a pressure zltitude of 100, 000 ft in the test capsule. A detailed
description of the test cell is presented in Ref. 4.

The battleship stage and the J-2 engine were oriented vertically
downward on the centerline of the diffuser-steam ejector assembly.
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft
in length), a centerbody steam ejector within the diffuser duct, a dif-
fuser insert (13,5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous nitrogen annular ejector above the diffuser
insert. The diffuser insert was provided for dynamic pressure recovery
of the engine exhaust gases and to maintain engine ambient pressure alti-
tude (attained by the steam ejector) during the engine firing. The annular
ejector was provided to suppress steam recirculation into the test cap-
sule during steam ejector shutdown. The test cell was also equipped
with (1) a gaseous nitrogen purge system for continuously inerting the
normal air in-leakage of the cell; (2) a gaseous nitrogen repressuriza-
tion system for raising test cell pressure, after engine cutoff, to a level
equal to spray chamber pressure and for rapid emergency inerting of
the capsule; and (3) a spray chamber liquid nitrogen supply and distribu-
tion manifold for initially inerting the spray chamber and exhaust duct-
ing and for increasing the molecular weight of the hydrogen-rich exhaust
products.

An engine component conditioning system was provided for tem-
perature conditioning engine components. The conditioning system
utilized a liquid hydrogen-helium heat exchanger to provide cold helium
gas for component conditioning. Engine components requiring tempera-
ture conditioning were the thrust chamber, crossover duct, pneumatic
regulator, and main oxidizer valve closing control line and second-stage
actuator. Helium was routed internally through the crossover duct and
tubular-walled thrust chamber and externally over the pneumatic regu-
lator and main oxidizer valve closing control line and second-stage
actuator.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage,
and facility parameters. The engine instrumentation was comprised of
(1) flight instrumentation for the measurement of critical engine param-
eters and (2) facility instrumentation which was provided to verify the
flight instrumentation and to measure additional engine parameters., The
flight instrumentaticn was provided and calibrated by the engine manu-
facturer; facility instrumentation was initially calibrated and periodically
recalibrated at AEDC. Appendix III containg a list of all measured test
parameters and the locations of selected sensing points.
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Pressure measurements were made using strain-gage-type pres-
sure transducers, Temperature measurements were made using
resistance temperature transducers and thermocouples. Oxidizer and
fuel turbopump shaft speeds were sensed by magnetic pickup. Fuel and
oxidizer flow rates to the engine were measured by turbine-type flow-
meters which are an integral part of the engine. The propellant recir-
culation flow rates were also monitored with turbine-type flowmeters,
Engine side loads were measured with dual-bridge, strain-gage-type
load cells which were laboratory calibrated before installation. Vibra-
tions were measured by accelerometers mounted on the oxidizer injector
dome and on the turbopumps. Primary engine and stage valves were in-
strumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision elec-
trical shunt resistance substitution for the pressure transducers, load
cells, and resistance temperature transducer units; (2) voltage substi-
tution for the thermocouples; (3) frequency substitution for shaft speeds
and flowmeters; and (4) frequency-voltage substitution for accelerometers.

The types of data acquisition and recording systems used during this
test period were (1) a multiple-input digital data acquisition system
(MicroSADIC®) scanning each parameter at 40 samples per second and
recording on magnetic tape, (2) single-input, continuous-recording FM
systems recording on magnetic tape, {3) photographiczlly recording
galvanometer oscillographs, (4) direct-inking, null-balance potentiometer-
type X-Y plotters and strip charts, and (5) optical data recorders. Appli-
cable systems were calibrated before each test (atmospheric and altitude
calibrations). Television cameras, in conjunction with video tape re-
corders, were used to provide visual coverage during an engine firing,
as well as for replay capability for immediate examination of unexpected
events,

2.4 CONTROLS

Control of the J-2 engine, battleship stage, and test cell systems
during the terminal countdown was provided from the test cell control
room. A facility control logic network was provided to interconnect the
engine control system, major stage systems, the engine safety cutoff
system, the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The
sequence of engine events for a normal start and shutdown is presented
in Figs. 7a and b. Two control logics for sequencing the stage pre-
valves and recirculation systems with engine start for simulating engine
flight start sequences are presented in Figs. 7c and d.
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SECTION Il
PROCEDURE

Pre-operational procedures were begun several hours before the
test period. All consumable storage systems were replenished, and
engine inspections, leak checks, and drying procedures were conducted.
Propellant tank pressurants and engine pneumatic and purge gas samples
were taken to ensure that specification requirements were met. Chemi-
cal analysis of propellants was provided by the propellant suppliers.
Facility sequence, engine sequence, and engine abort checks were con-
ducted within a 24-hr time period before an engine firing to verify the
proper sequence of events. Facility and engine sequence checks con-
sisted of verifying the timing of valves and events to be within specified
limits; the abort checks consisted of electrically simulating engine mal-
functions to verify the occurrence of an automatic engine cutoff signal.
A final engine sequence check was conducted immediately preceding the
test period,

Oxidizer dome, gas generator oxidizer injector, and thrust chamber
Jacket purges were initiated before evacuating the test cell, After com-
pletion of instrumentation calibrations at atmospheric conditions, the test
cell was evacuated to approximately 0.5 psia with the exhaust machinery,
and instrumentation calibrations at altitude conditions were conducted.
Immediately before loading propellants on board the vehicle, the cell and
exhaust-ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period, except
for the engine firing., The vehicle propellant tanks were then loaded,
and the remainder of the terminal countdown was conducted. Tempera-
ture conditioning of the various engine components was accomplished
as required, using the facility-supplied engine component conditioning
system. Engine components which required temperature conditioning
were the thrust chamber, the crossover duct, pneumatic regulator,
main oxidizer valve closing control line, and main oxidizer valve
second-stage actuator, Table V presents the engine purges and
thermal conditioning operations during the terminal countdown and
immediately following the engine firing.
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SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Four firings of the J-2 rocket engine were conducted on July 6 and 7,
1967, during test period J4-1801-01 to investigate the J-2 engine
S-11/S-V gas generator ignition characteristics. These firings com-
pleted the first series of S-II start transient investigation testing at
AEDC (Ref. 2). Testing was accomplished at pressure altitudes ranging
from 97,000 to 108, 000 ft at engine start and with predicted S-II
interstage/engine temperature conditions as the targets for conditioning
engine components. FEach engine firing was preceded by a 1-sec fuel lead.

User test requirements requesting temperature conditioning of the
turbine crossover duct, pneumatic regulator, main oxidizer valve second-
stage actuator, and main oxidizer valve closing control line within speci-
fied limits for 30 min before the engine firing were not completely
attained because of inadequate control of the conditioning systems.

Table VI presents the conditioning targets for the engine components and
the measured test conditions at engine start.

Specific test objectives and a brief summary of the results are as
follows:

Firing Test Objectives Results

01A To investigate gas generator Main oxidizer valve component
ignition characteristics for temperatures were colder than
S-I1 worst-case gas gener- the conditioning targets. A gas
ator second peak tempera- generator second peak tempera-
ture conditions and to verify ture did not occur; an initial
nominal engine performance peak temperature of 2170°F was

recorded. Calculated engine
thrust was 2. 62 percent higher
than rated thrust.

01B To determine the effect of Engine conditioning compared
thrust chamber temperature closely with that for firing 01A,
on S-II gas generator igni- except for a §0°F colder thrust
tion characteristics by chamber. The initial peak tem-
comparing the test results perature was 1850°F. Inadequate
with firing 01A fuel quantity to sustain gas

generator combustion appeared
to exist for 83 msec immediately
after ignition,
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Test Objectives Results

, Firing
01C To determine the effect of

Engine conditioning compared

crossover duct temperature
on S-1I gas generator igni-
tion characteristics by com-
paring the test results with
firing 01B

01D To investigate gas generator

ignition characteristics for
S-I1 worst-case gas gener-
ator second peak tempera-
ture conditions

closely with that for firing
01B, except for a 60°F colder
crossover duct. The initial
peak temperature was 2000°F.
Inadequate fuel quantity to sus-
tain gas generator combustion
appeared to exist for 87 msec
immediately after ignition.

Engine conditioning compared
closely with the target tem-
peratures, except main oxidizer
valve second-stage actuator,
which was 13°F warm. A gas

generator second peak tem-
perature of 1550°F was recorded;
the initial peak temperature was
1590°F.

The -presentation of the test results in the following sections will
consist of a discussion of each engine firing with pertinent comparisons.
The data presented will be those recorded on the digital data acquisition
system, except as noted.

4.2 TEST RESULTS
4.2.1 Firing J4.1801.01A

The programmed 30-sec engine firing was successfully accomplished.
Test conditions at engine start are presented in Table VI. Engine start
and shutdown transients are shown in Fig. 8. Table VII presents selected
engine valve operating times for start and shutdown. Engine ambient
pressure altitude at engine start was 97, 000 ft. Figure 9 presents engine
ambient pressure and combustion chamber pressure for the firing dura-
tion. Combustion chamber pressure reflects the propellant utilization
valve excursion at about tg + 10 sec, which changed the engine mixture
ratio from 5.0 to 5.5. The increase in cell pressure during the firing
to 0. 412 psia (80, 000 ft) resulted from excegsive secondary flow,
caused by a leaking facility gaseous nitrogen annular ejector supply valve,

Thermal conditioning history of selected engine components is shown
in Fig. 10. The rapid chilling of the main oxidizer valve closing control
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line and the second-stage actuator, beginning at about tg - 60 sec, re-
sulted from additional chilled helium, which was diverted from the
terminated thrust chamber chill. The main oxidizer valve component
temperatures colder than the specified conditioning limits would tend
normally to produce a higher gas generator second peak temperature.
For all subsequent engine firings, all thermal conditioning systems were
terminated at approximately tg - 60 sec.

The gas generator ignition characteristics for S-11 worst-case gas
generator second peak temperature conditions are shown in Fig. 11.
Ignition cccurred at tg + 0. 656 sec, beginning engine booistrap opera-
tion, and was characterized with the absence of gas generator fuel sys-
tem backflow, which was prevalent during previous S-II testing at AEDC.
A gas generator second peak temperature was not experienced because
the main oxidizer valve movement from the plateau position, beginning
at tg + 0.988 sec, occurred before engine conditions could be developed
which would produce the second peak temperature. The gas generator
initial peak temperature was 2170°F. Thrust chamber ignition, which
produces the engine conditions for terminating the temperature pezk,
occurred at tg + 0.965 sec.

An abnormally high gas generator peak temperature of 2100°F
occurred during shutdown {Fig. 12). The closing of the gas generator
propellant control valve appeared nominal. The high temperature peak
was attributed to a leaking gas generator oxidizer purge check valve.

The valve apparently leaked oxidizer into the purge system during the
firing and expelled it into the chamber immediately after shutdown during
the normal purging operations,

The fuel pump start transient performance is presented in Fig. 13.
Transient fuel pump head/flow data compared conservatively with the
pump stall inception data.

Vibration, in excess of 150 g in the 960- to 6000-Hz frequency range,
was encountered for 120 msec beginning at tg + 0. 8969.

Engine steady-state performance data are presented in Table VIII.
The data presented were for a 1-sec data average from 29 to 30 sec and
were computed using the Rocketdyne PAST 640, modification zero, per-
formance computer program. Engine test measurements required by
the program and the program computations are presented in Appendix IV.
Engine performance for this test was higher than nominal. Calculated
engine thrust, corrected for vacuum conditions, was 230, 900 1bf, which
is 2. 62 percent higher than rated thrust. Normalized performance data
revealed that the gas generator fuel supply orifice was slightly oversize
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and that the orifice in the oxidizer turbine bypass nozzle was slightly
undersize.

4.2.2 Firing J4-1801-01B

The engine firing was successfully accomplished for the programmed
3-sec duration, Test conditions at engine start are presented in Table VI.
Figure 14 presents the engine start and shutdown transients. Selected
engine valve operating times for start and shutdown are presented in
Table VII. Engine ambient pressure altitude at engine start was
106, 000 ft with an average pressure altitude of 97, 000 ft during engine
main-stage operation. Engine ambient pressure and combustion cham-
ber pressure for the firing duration are presented in Fig. 15.

Thermal conditioning history of selected engine components is shown
in Fig. 16. Engine component conditioning for this firing compared suffi-
ciently close to the firing 01A conditioning to-permit determination of the
influence of the variable, thrust chamber temperature. Thrust chamber
throat temperature for firing 01B was -257°F as compared to -163°F for
firing 01A,

The gas generator ignition characteristics are presented in Fig, 17,
Ignition occurred at tg + 0.644 sec. Fuel for ignition was gaseous
hydrogen from the start iank discharge, since gas generator fuel in-
jector pressure (reflecting start tank discharge) was approximately
40 psia higher than fuel pump discharge pressure (Fig, 18}. As a result,
reverse flow from the gas generator into the fuel system occurred
throughout the time period from fuel poppet valve opening until after igni-
tion. Immediately after ignition, the flame was apparently extinguished
for approximately 93 msec because of inadequate fuel quantity to sustain
combustion, This is evident by the decay of gas generator fuel injector
pressure and chamber pressure,

Comparison of gas generator ignition for firings 01A and 01B
(Fig. 17) reveals that the gas generator ignition anomaly on firing 01B
displaced the gas generator transient temperature by about 50 msec.
The initial temperature peak recorded for firing 01B was 1950°F, as
compared with 2170°F for firing 01A. A second peak temperature was
not experienced on either firing because the main oxidizer valve move-
ment from the plateau position, beginning at tg + 1 sec (Table VI}),
occurred before engine conditions could be developed which would pro-
duce the second peak temperature.

The effect of the colder thrust chamber for firing 01B was a lower
gas generator energy during the bootstrap transient period. This

11
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condition, along with the gas generator ignition anomaly, resulted in
firing 01B having a lower spin speed of the turbines and lower propel-
lant pump discharge pressures than did firing 01A. Therefore, a longer
time was required for thrust chamber ignition (defined as the time that
combustion chamber pressure attains 100 psia) and for combustion
chamber pressure to attain main-stage operation (indicated in Table VI
by the time required for combustion chamber pressure to attain 550 psia).
The effect of thrust chamber temperature on the gas generator initial
peak temperature cannot be meaningfully established by comparing
firings 01A and 01B because of the gas generator ignition anomaly on
firing 01B,

The gas generator shutdown for firing 01B was nominal, as shown
in Fig. 19. A fuel-rich environment at shutdown caused the momentary
drop in temperature; probe and hardware cooling is reflected there-
after.

Transient fuel pump head/flow data, as compared to the pump stall
inception data, are presented in Fig. 20. Firing 01B data more nearly
approached a high level stall than did firing 01A, although a conserva-
tive stall margin existed for both firings.

Vibration, in excess of 150 g in the 860- to 6000-Hz frequency
range, was experienced for 13 msec beginning at ty + 0,989 sec.

4.2.3 Firing J4.1801.01C

The programmed 5-sec engine firing was successfully accomplished.
Test conditions at engine start are presented in Table VI, Figure 21
shows the engine start and shutdown transients. Table VII presents
selected engine valve operating times for start and shutdown. Engine
ambient pressure altitude at engine start was 108, 000 ft with an average
pressure altitude at 99, 000 ft during engine main-stage operation,

Engine ambient pressure and combustion chamher pressure for the firing
duration are presented in Faig, 22,

Thermal condilioning history of sclected engine components is shown
in Fig. 23. Engine component conditioning for this firing compared
sufficiently close to that of firing 01B to permit determination of the influ-
ence of the variable, crossover duct temperature. The crossover duct
temperature was approximately 60°L colder along the length of the duct
for firing 01C than for firing 01B.

The gas generator ignition characteristics are presentied in Fig. 24,
Ignition occurred at tg + 0.639 sec. Fuel for ignition was gaseous hydrogen
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from the start tank discharge since the gas generator fuel injector pres-
sure (reflecting start tank discharge) was approximately 45 psia higher
than the fuel pump discharge pressure (Fig. 18). As a result, reverse
flow from the gas generator into the fuel system occurred throughout the
time period from fuel poppet valve opening until after ignition. Analog
data indicated that the oxidizer poppet valve was allowed to travel in a
closing direction during ignition. Immediately after ignition the flame
was apparently extinguigshed for approximately 87 msec because of in-
adequate fuel quantity to sustain combustion. This is evident by the
decay of gas generator fuel injector pressure and chamber pressure.

The gas generator initial peak temperature recorded was 2010°F;
again no second peak temperature was experienced because the main
oxidizer valve movement from the plateau position, beginning at
tg + 1. 007 sec, occurred before engine conditions could be developed
which would produce the second peak temperature.

Figure 24 shows a comparison of the gas generator ignition char-
acteristics for firings 01B and 01C. The effect of crossover duct tem-
perature on the gas generator initial peak temperature cannot meaning-
fully be established by comparing these firings because of the occurrence
of an ignition anomaly on both firings, However, from the data collected,
no appreciable effect was cbserved.

The gas generator shutdown on firing 01C is shown in Fig. 25. The
fuel-rich environment at shutdown caused the momentary drop in tem-
perature; probe and hardware cooling is reflected thereafter.

Transient fuel pump head/flow data comparison with the pump stall
inception data is presented in Fig. 26, A conservative pump stall
margin was maintained throughout the engine start transient.

Engine vibration in excess of 150 g in the 960- to 6000-Hz fre-
quency range was recorded for 149 msec.

4,2.4 Test J4-1801-01D

This was a successful engine firing for a 5. 072-sec duration, The
pressure altitude at engine start was 108, 000 ft with an average altitude
of 102, 000 ft during engine main-stage operation. Ambient engine pres-
sure and combustion chamber pressure during the firing are shown in
Fig. 27. The engine start and shutdown transients are shown in Fig, 28,
Selected engine valve operating times for start and shutdown are pre-
sented in Table VII.
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Before engine start, engine components were thermally conditicned.
Temperature histories of these components are shown in Fig. 29. Test
conditions at engine start are presented in Table VI. Comparing com-
ponent temperature conditions at engine start for firings 01A and 01D,
thrust chamber temperature averaged approximately 40°F colder for
firing 01D, and the main oxidizer valve components averaged approxi-
mately 50°F colder for firing 01D.

The gas generator start transient characteristics are shown in
Fig. 30. Ignition occurred at tg + 0.642 sec. Fuel for ignition was
gaseous hydrogen from the start tank discharge, since the gas gener-
ator fuel injector pressure was approximately 10 psia higher than the
fuel pump discharge pressure at ignition (Fig. 18). Analog data during
gas generator ignition show that the oxidizer poppet valve was momen-
tarily allowed to travel in a closing direction, Gas generator ignition
was followed immediately by an apparent low energy combustion from
tp+ 0.674 sec totp+ 0.697 sec. The gas generator initial peak tem-
perature was 1990°F; a second peak temperature of 1547°F was recorded,
The main oxidizer valve moved from its 14-deg position at tg + 0.984 sec
but did not continue to ramp open until 15 + 1. 29 sec. This, coupled with
a lower buildup rate of the fuel pump discharge pressure as a result of a
colder thrust chamber for firing 01D than for firing 01A, resulted in an
increase in the gas generator mixture ratic and subsequently the second
peak temperature con firing 01D. Gas generator shutdown for firing 01D
was nominal, as shown in Fig. 31.

Transient fuel pump head/flow data compared with the pump stall in-
ception data are presented in Fig, 32. The head/flow data for this firing
more nearly approached a low level pump stall than did firings 01A, 01B,
and 01C; however, a conservative stall margin was maintained.

Engine vibration in excess of 150 g in the frequency range from 360
to 9000 Hz was experienced for 168 msec beginning at tg + 0. 246 sec.

4,3 POST-TEST INSPECTION

The post-test visual inspection of the J-2 engine showed that the
gas generator temperature probe was eroded. In addition, engine leak
checks revealed that the gas generator oxidizer purge check valve was
leaking. Replacement components were subsequently installed. No
other engine irregularities were observed.
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SECTION ¥
SUMMARY OF RESULTS

The results of the four firings of the Rocketdyne J-2 rocket engine
'‘conducted on July 6 and 7, 1967, in Test Cell J-4 are summarized as

follows:

1,

Adequate engine component conditioning was realized for all
engine firings to permit an evaluation of the influence that the
engine conditions under consideration had on gas generator
ignition characteristics.

The specified engine component conditioning targets for firings
01A and 01D were for a worst-case gas generator second peak
temperature. No significant gas generator second peak tem-
perature was recorded on these firings, indicating that a
second peak temperature problem does not exist for the J-2
engine/S-II stage application,

At the coldest thrust chamber temperature predicted for the
J-2 engine/S-II stage application (-260°F), the gas generator
start transient was characterized by apparent inadequate fuel
quantity to sustain gas generator combustion for approximately
90 msec immediately after ignition. However, no adverse
effect was observed on the engine start transient.

The initial gas generator peak temperature ranged from 1550
to 2170°F.

An abnormally high gas generator temperature of 2100°F
occurred during shutdown on firing 01A as a result of leaking
oxidizer purge check valve.

Calculated engine thrust was 2.62 percent higher than engine
rated thrust.

Vibration in excess of 150 g in the 560- to 9000-Hz frequency
range occurred on all firings with durations ranging from 13 to
168 msec.

Comparison of the transient fuel pump head/flow data with the
pump stall inception data indicated that a conservative stall
margin was maintained for all firings,

Engine ambient pressure altitude at engine start ranged from
97, 000 to 108, 000 ft,
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Time Index Lines, l-sec Intervals

Engine Start * | I |

y He Control. Start Tank Discharge Delay
Timer, ASI and GG Sparks onm Ignition-
Bleed Valves Clase B3 Phese Control Solenoid Energized
Oxidizer Dome and GG

OxidhzexBeurge HIOH oNein Fuel Valve Open

0 ASI (biadizer Valve Open

¥ain Fuel and ASI
Propellant Flow '?SI Ignitl.ion Detelﬁted

Fuel Temperature OK Signnl}‘b

¥Start Tank Discharge Delay Timer Explres

Ignition-Phase Timer Ener- SIDV Delay 0.640 % 0.030 sec
gized 0 450 % 0,030 mec hd
o STDY Qpen
+632 Flow
Pump Buildup =

—\—— Bypass Flow through Normally Open

Oxidizexr Turdbine Bypass Valve
Ignition-Phase Timer Expires L4

Main-Stage Signal ¥ Main-Stage Control, Solenoid Energlzed
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Purge Comtrol Valve Closed a Spafks L 'l 3.30 + 0_;% sec
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a. Stort Sequence

Signal Time, sec 0o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
l

Cutoff Signal v

GG Yalve Close (Oxidizer) (]
GG Yalve Clcse (Fuel)

AS]1 Oxadizer Valve Close

MOV Close

Main Fuel Valve Close

Oxi1dizey Dome Purge and GG
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De-Energizes
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b, Shutdown Sequence

Fig. 7 Engine Start and Shutdown Seguence
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Time Index Lines, l-sec Inte;vals

Fire Command
Prevalves Open Signal

Recirculation Pumps
Off Signal

Recirculation Valves
Close Signal

Engine Start Signal

Start Tank Discharge
Valve Open Signal

I

2

lNominal Occurrence Time (Function of Prevalves Opening Time)
2One-sec Fuel Lead (S-II/S-V and S-1VB/3-1B)
3Eight-sec Fuel Lead (S-IVB/S-V and S-IB Orbital Restart)

c. "Normal’' Start Sequence

Time Index Lines, l-sec Intervals

Fire Command
Prevalves Open Signal

Engine Start Signal

Oxidizer Recirculation
Pump Off Signal

Fuel Recirculatiocn
Pump Off Signal

Recirculation Valves
Close Signal

Start Tank Discharge
Valve QOpen Signal

1
Fa

lrhree-sec Fuel Lead (S—IVB/S-V First Burn)

d. ““Auxiliory’' Start Sequence

Fig. 7 Concluded
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Fig. 29 Thermal Conditioning History of Engine Components, Firing 01D
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TABLE 1

MAJOR ENGINE COMPONENTS

Part Name P/N S/N
Thrust Chamber Body 206600-31 4076553
Thrust Chamber Injector Assembly 208021-11 4084917
Fuel Turbopump Assembly 459000-161 4062324
Oxidizer Turbopump Assembly 458175-11 6623549
Start Tank 303438 0064
Augmented Spark Igniter 206280-21 3661349
Gas Generator Fuel Injector and Combustor 308360-11 2008734
Pneumatic Control Assembly 556947 4079720
Electrical Control Package 502670-11 4081748
Primary Flight Instrumentation Package 703685 4078716
Auxiliary Flight Instrumentation Package 703680 4078718
Main Fuel Valve 409120 44056924
Main Oxidizer Valve 409969 4072594
Gas Generator Control Valve 309040 4078714
Start Tank Discharge Valve 306875 4079052
Oxidizer Turbine Bypass Valve 409940 4048489
Propellant Utilization Valve 251351-11 4068944
Main-Stage Control Valve 558069 8313568
Ignition Phase Control Valve 558069 8275775
Helium Control Valve 106012000 342270
Start Tank Vent and Relief Valve 557828-X2 4046446
Helium Tank Vent Valve 106012000 342277
Fuel Bleed Valve 309034 4077749
Oxidizer Bleed Valve 308029 4077746
Augmented Spark lgniter Oxidizer Valve 308880 4077205
P/A Purge Control Valve 557823 4073021
Start Tank Fill/Refill Valve 358000 4079001
Fuel Flowmeter 251225 4077752
Oxidizer Flowmeter 251216 4074114
Fuel Injector Temperature Transducer NA5-27441 12401
Restartable Ignition Detect Probe XEOR915389 211
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TABLE 1l
SUMMARY OF ENGINE ORIFICES

Qrifice Name Part Number | Diameter, in. Date Effective Comments
Gasg Generator Fuel RD273-4107 0.472 May 15, 1987 Accomplished to raise engine
Supply Line periormance to model specifications
Gas Generator Oxidizer RD251-4106 0. 278 April 28, 1967 Necessitated by fuel turbopump
Supply Line replacement
Oxidizer Turbine Bypass RD273-8002 1. 300 May 17, 1967 Accomplished to raise engine
Valve Nozezle performance to model specifications
Oxidizer Turbine Exbhaust RD251-9004 9. 98 January 18, 1966 | Installed on engine before shipment
Manifold to AEDC
Main Oxidizer Valve Closing | 410437 0.26 May 22, 1967 Accomplished {o change main oxidizer
Control Line valve second-stage opening time from
+ 10 + 20

1350 _ 20 to 1430 - 10
Augmented Spark Igniter 406361 0. 150 April 7, 1967 Sized per S-1I specifications
Oxidizer Supply Line

18l-£9-¥1-5A3Vv
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TABLE 1l
ENGINE MODIFICATIONS (RETWEEN TESTS J4-1554-30
AND J4-1801-01)

Modification Completion Date Description of Modification
Number

RFD¥44-67 June 1, 1987 Addition of Oxidizer Bootstrap
Line Thermocouples

RED-45-67 June 16, 19867 Removed Thermocouples Installed
per ECP's J2-435 and J2-564 on Engine

RFD-39-67 June 16, 1967 Installation of Thrust Chamber
Thermocouples

RFD-46-67 June 20, 1967 Start Tank Discharge Valve Opening
and Cloging Control Port Thermocouples
Installed

RFD-47-67 June 23, 1867 Addition of Engine Conditioning System

Screen Manifolds

¥*RF1) - Rocketdyne Field Directive

L8L-£9-4L-D0A3Y
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TABLE IV

ENGINE COMPOMENT REPLACEMENTS
(BETWEEN TESTS J4-1554.30 AND J4.1801-07)

Replacement Completion Date Component Replaced

UCRY007948 May 25, 1967 Fuel Turbopump Assembly

UCR-007939 May 25, 1967 Gas Generator Control Valve

UCR-007939 May 25, 1967 Gas Generator Qutlet Temperature Transducer
UCR-007948 May 25, 1967 Fuel Turbine Inlet Temperature Transducer

*UCR - Unsatisfactory Condition Report

181-£9-¥1-2Q3v
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TAELE Y

ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

t - B0

Thse, min

t-Th 1- 60 t - 50 0 t - 30 1=20 - 10 t-0

Turhopump and Gus
Generator Purge

Symwteen)

Hettum, 62 - 125 pe1a
5¢ - 20Q°F

(Nominal) & scim

at Customer Connec!

Oxidizer Dome and
Gan Generator Liguid
Oxygeu Injector

{Engine Pneumut le
System)

Nitrogen, 400 x 25 peig
40 - 2MPF
{Minimum) 220 acfm

Fomin Misimum Follosing
Recirculation ——
103 min —ed =

[

" i
|

to— Propeliam Drop |

| 1 sec (Supplted by
Engloar Helium Tank
daring Surt amd
| Cuto!! Transients)
'
I

Oxidizer Duine
{Facility Line 10
Port CO1RA)

Oxidizer Turbupump

Interniediate Sesl
Cavity (Fagine
Prieumatic System)

Nitrogen, 400 - &S0 paiy
100 - 200°F
(Nominal) 200 scim

v

I T T

fleltum, 400 ¢ 25 paip
Ambient
Temparature
2600 - 7000 actm

Sint S

Main-Stage Operation -
Supplied by

Thrust Chamber
Jacket

(Custvmer Connect)
fanel

ilellum, 40 - 80 paig
50 - ID0°F
{Xominail 60 scfm

in Ao W on

st Engine
Cutofl

Metiom, 12 - 16 paip
50 - 200°F
(Nominal) 10 aetm

2 )

Thrust Chamb. Nelium, 1000 puig
Tempersture -30C"F to Ambient
Conditioning 10 - 2€ W, Jenln
Pump Inlet Oxidizer; 35 to 48 puia
Pressure and -198 ta -280°F
Temperatore Fuel; 28 to 4G peia
Condityoning -424 10 -41B°F

0 %77

Bydrogen Start Tank
and Helium Taenk
Preasurs and Tem-

Hydrogen; 1200 10 1400 psts
30010 1400 ¢
Welivm; 1700 to 3250 psia

Main Oxjdizer Valve
Actuator Tempera-
ture Conditioning

Helfum: -300°F
to Ambient

Main Oxidizer Valve
Cloaing Controi Line
{Conditioning)

Helium; -300°F
1o Ambient

Pneumatic Regulator
Temperature
Conditioning

Helium; -300°F
io Ambient

lCoﬁdluonlng temperslure o be maininined (ar the laat 30 min of pre-flre,
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TABLE Vi
SUMMARY OF TEST REQUIREMENTS AND RESULTS

AEDC-TR-67-181

i- qala 018 olc 01D
Firing Number, J¢ 1601 T
c Target 1 Actuad Targat J Actun} Target I Actual Target T Aclual
Time of Day, hr!FPiring Date 1226/ July B, 1867 1443/3uly 6, 1027 14C8/July 6, 1967 0107 Jwly 7, 1967
Presaure Altltude of Engine Ster, fl (Ref 1) .- 97,02 oo 100, QU0 0o l 108, X6 oo 108, fO0
Firing Curalion, IICC') 3.0 30,073 5.0 5 073 50 ! B, 2T B0 5.073
+ + - '
Pue! Pamp Inlet Conditlars LPreuu.'«, pela Eid '; .2 26 .0 261 25,0 _:. 285 .0 :; .0
et Englne Sturt T
Tamperniure, °F | 12..42 0.4 -420.8 =421, 42 0.¢ -421.2 431,42 0.4 -421..6 -421.4:0 ¢ ~42L 4
a 1 +0
Oxidizar Pump Inlet Conditians| Presaure, peia a 40,4 g 0.4 . f: 0.1 awll 0.6
T "Temperature, *F | -205.230.4 | -295.8 [-205.2¢0.4] -2w83 |.295.2=04 -w95.9 |-ws2:046]| -25.7
Starl Tank Coniliune at Pressure, pala 1300 ¢ 10 1307 1300 = 10 1242 1300 ¢ 10 1358 13004 10 1269
Ecgine Start Temperuture, *F -300 £ 10 -304 -300 * 10 -3068 -300 ¢ 10 -308 =300 % 10 -301
Helium Tank Condt. Preseure. pele .- 2407 =03 158 S 2138 ! W0 J s
at Engine Starl Tamgerature, °F o .30¢ P 105 o -307 ea - 301
Thrust Chamber Trmparature Throal 150 ¢ 15 +163 +25G 2 16 -25T -200 £ 1L -272 i 130215 -130
Conditiena al Engina Start, °F Average R “152 == ~235 o 223 { e -204
TFTD-2 “lf, -5 3 ':g 67 S.602 15 .13 uf:’) -3k
f":.‘n"‘:;:'sﬂ‘ﬁ Lot TFTD e -1 g -1 S1cox 18 -60 o -8
TFID-8 uf:; .22 u'_:g -3 S160 2 15 108 0 _'I; .24
Main Oxidizer Velve Closing Control e 8 2 10 5
Line Temperatura et Engina Start, 0] SOmtRty -139 ROSE. 1T g0t -85 ¢ 10 - e U
ks Oxid v s -St. A t
MEIT Oxidiesy] Val Ve Sacondztags Acliator 130210 187 <180 ¢ 10 -152 -1301¢ 10 -148 -130¢ 10 -127
Temperalure at Engine Start, *°F
Pneumatic Control Packags Tamperatura
at Englne Slart, "F' -85 = 1 -1 -35 1 19 -113 -86 % 10 -104 -85 210 59
Fuel Lead Tune, .cc@ 1.23 0,05 1.91¢ .08 0% 1,014 G208 1.011 .0 €8 1,014
Praopeliont tn Engine Time, min 80 no I €0 . [ T8 63 12
FPropallenl Recirculalion Tlme, min 10 10 | 10 ¢ 1 16 k) 10
3tart Sequence Logic "Normal” ‘Normal' “Xormal' "Nearmast * "Narmal" “Normal* "Normal'* *Normul "
- aee -%5.0 co9 -44.0 oo -66.5 $03 -14.4
Uus Qenerator Oxidizer Supply Line TOBR- L !
Temperasture et Engine Start, °F TOBS -2 .ee <76.7 oeu 4.7 -. -162.0 .- -68.3
TOBS -3 .- ~258.7 3 ~248, 0 = BT - -251.0
S:art Tank Dincharge Valve Crening
Coniral Temparature ay Engine Start, °F a1l ~123.9 S 1052 N -132.% o L
Vibrallon Safaly Count Duration {maec} and .-e 120 b 18 - 149 e 158
Occurrence Time (sec] from 1g(L oo 0. 566 N 0.9 ee 1.002 9.4 0.645
Gum Greerutor Gullet ! Paak e 2170 b 1850 Se° 20005 W Te-- _ove
Tenipsratura, *F Second Peak cen wee vee e “e- .o | .o 1620
Thruat Chamber Ignillon Tims, sec
(Rel. 1g) (PC-3 = 100 pata) - o.pan 0.4 .ee 1604 0.962
i t
Maln Oxidizar Valve Sec -Stage Iritte)
Jomatd, ve AL, 1510 ul QS yee B Lo i 0.0
+ —
Main-Stage Pressura No. 2, aec (Ref. -u)@ .- | 1.633 1.744 1.9v9 .- 1,684
;
£30-pala Chamber Pressurne Atlained, aoc L 1613 . 2.042 g 2.008 o L2z
(Ref, 1)
Hull Null Null Null Null Nell N Null
Propellant Uriilzation Velve Pouilion at
l Engina Start, Engins Swartftp « 10 aec Cloard Cloand . | .en .e- --- .- .o

Ncies: @ Dats reduced fram oa:\logram.

Component conditionieg 10 he malmained within Uimita for lass 18 min defore englie start,

Componen: conditienizg to be meirlalned #lthin lietta tor (as; YO min befure engine atact,
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TABLE VI

ENGINE VALVE TIMINGS

[ Slart = ]
3 1 Gus Generator . Sturt Toak
Stert Taak Mair Oxidizer Vatvr Muln Oxidizer Valve Gna Generator Oxidizer Tullnne |
Firlng Dinchurge Valve MELENE NS Firsl Stuge Srvond Stuge Fuel Poppet “;,':_) B Dypass Vulve Dischargr Valve
Nasaber — g = e, ﬁ et ppe .2 =) —
. 1 2
CRIg L Ttne |Vaive, Valve Time |Valve | Valve lune |Valve| Valve Tinie |[Valve ' Valve Tunw |Valve | Valve Time | Veive Valve Time [Vetve | Valve | Time Valve| Valve
nf Drlay | Opening of Delay [Opening of Delay | OQpeming nf Dalay Opening of lelay |Oponing o! Dalay Upenlig af Uelay |Closing af Deluy | Cloaing
fipening | Time,  Tlmec, | Opentng | Time, | Time, | Opeming [Time,| Time. | Oponing |[Time,  Time, | tpening | Time, | Time, [ Opening Tune,  Tlae, | Clusing [Time, | Time, | Closing Time, | Thae,
Signal | se el Signal | aec g Signal | sec L0 Signel | mec sec signal | mec sar Signal | wes nec Signal | set oe Sieuul | mec acc
—— =il e :
Lana 0 {0166 ] 0. 148 1nt0[0. 081 [ poso | 0 442 [o.os1| 0,054 | 044w [ussn zoans | o442 [0.00s | 0056 | 0442 0ie7 weTh | 044z o.cri| 0oao0 | oo.4ay o iusy a2
T o |nsn| o 152 1 014 [0 oo | 0. 04k a 441 [p.0s2| @.0fi0 0,441 [0.560 2402 | woast Jo,ous [ povst | oooeds Tuaer eoomd | onaar jo.2ma | .36e {0 441 (0 102] O 212
=~ T T = 1 P
ne o |0.1ma| o, 18s 10110 068 ' 0. 08 0 442 [u va4] wooss 0,442 |N,561 | 2,413 | 0.442 (0.0v7| 0,053 | o442 |0 i0s u,o%d {1 0,342 Jo yuu | 0577 | 0,432 j0.107 U m-']
— g B +— 4 e e
mD o lo.155] 150 § 1 0v3|n.0m ] .64k | 0 410 [0.088] 0.050 | 0. 44z |u 548 | 2.420 | 9 44p J0.0ws| 9,050 | 0.4ev 'u,185 | 6085 | 0 4an |0 zau] 0,208 | o.9an [ore0] G277
= ' e T i f b 1
?:::I‘;::"“ 0 Jo, ose | 0 110 1.011{0. 048  0.078 0 446 |0 048] 0080 Qo445 [f1 B0 | 1 4BO | 0,446 (0,076 | 0,045 ] 0 a4b 0, 140 0.446 |O 1\11 0345 || 0 44F o ons| v 230
L - L
Shuldown
. Gas tiensrator
Matn fFuel Vadve Maln Oxsdizer Vialve hans s Onidiser 3l R
Firlng, Fusl 1Pappet P Rypaan Valve
(T JELY
Nunider | .. 4 —
J4-1801- 1
Tame Vave | Vulve Ihar Vaive  Vajve Tima  |Valve| Valve Time Valve | Valus Tlmr Yalve | Valve
nt Deiny |Cludayg uf Leray Cloning uf Deluy [ Closing nf Nelay [Cloaring of Delay (yenimg
Clestng | Times | Time, [ Cloaing | Ttme.  Thinue Closmy |Thue,| lTtme, || Clomny | Taue, | Tuse, | Opeping (Ttme, | Time, |
Sigant ser see Signa! nes nec Signnl Heco anr Sigonl Bueu BOC Siinal et ek
L4 )
518 30078 |3 115 [ b g2 o, u’miu_ VI (T3] 30.0:6 |0.0v0| U, 020 £ 038 lt:i 018 | 0.025 | 30. 076 {n, 282 ] 0 a03
MR 8,873 Tn, 333 | b 95n 5 078,0. 070 0,203 6074 [b.072] 0,022 5 U:s o.uiy | 0627 | 5073 o284 | p T02 3
o — e o}
0c 5.5 0,124 | 0, 354 5.073)0. 070 | 0.305 5,073 (0,076 0. 020 5. 073 10,018 | 0.032 | 8073 [0 2881 0. 711
0D s.wiz (0118 | 0 341 5, o-zzio. 070 | 0.20» 5. 092 [U.072] v, 020 5,072 [0 016 | 0.030 || & 072 [0, 281 | D684 !
i + + = - 4 —
r Tire Finaij 0. onnJ A 241 > lu_ 070 | 0.12y - |o.uB%] 0. vee 0.00% [ v,01w 0,230 | 0 498
Sequence | - I = 4 =3

Noies

1
2,
3.
4

Ali valve signal timea nre erferenceit tntg,
Va.ve de.ny lLus 15 the Lume require for Inttial valve movement after the valve “open’ or ‘closed” solenoid has been energized
Flnul sequence check s conducted without propellanta and wilhin 12 ks befuro leallag,
Daia reduced from oacl)logram
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TABLE Vil

ENGINE PERFORMANCE SUMMARY

AEDC-TR-67-181

Firing Number J4-1801-01A Site Normalized
Time, sec 29.5 29,5
Thrust, lbf 229, 000 228, 200
Chamber Pressure, psia 775.5 786, 4
Gverall Mixture Ratio 5.569 5.568 '
Engine
Performance Fuel Weight Flow, lby/sec 82.60 81. 66
Oxidizer Weight Flow, lbp,/sec 458, 4 453, 1
Total Weight Flow, lbm/sec 540. 7 534.5
Mixture Ratio 5.778 5,779
Thrust
Chamber Total Weight Flow, lbm/sec §33.7 327.5
Performance Characteristic Velocity, ft/sec 7965 7963
Pump Efficiency, percent 73.1 73.1
Pump Speed, rpm 26, 640 26,490 |
Fuel . . ] _ ‘
Turbopump Turbine Efficiency, percent 59. 8 298.95
Performance Turbine Pressure Ratio 7.22 T.22
Turbine Inlet Temperature, °F 1231 1236
Turbine Weight Flow, lbm/sec 7.02 B.97
Pump Efficiency, percent 8G.3 80.3
Pump Speed, rpm 8639 8584
Oxidizer Turbine Efficiency, percent 45.5 45. 4
Turbopump
Performance Turbine Pressure Ratio 2.68 2.68
Turbine Inlet Temperature, °F 813.9 802. 4
Turbine Weight Flow, lby/sec B. 38 6. 34
Gas Mixture Ratio 0.870 0.961
Generator . -
Performance Chamber Pressure, psia 660.0 633. 7
|

Site - Test Data

Normalized - Test Data Corrected to Standard Pump Inlet and Engine
Ambient Vacuum Conditions

617
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APPENDIX I
INSTRUMENTATION

The instrumentation for AEDC test J4-1801-01 is tabulated in
Table III-I. The location of selected major engine instrumentation
is shown in Fig. III-1.
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o. Engine Pressure Tap Locations

Fig. ll-1 Instrumentation Locations
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b. Engine Temperature, Flow, ond Speed Instrumentation Locations

Fig. Ill-1 Continued
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[ TSTDVOC

Four-Way Valve

d. Start Tank Discharge Valve
Fig. Hl-1 Continued
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AEDC
Coce

ICc
uc

EECL
EECO
EES
EFBVC
EFIT
EFPYC/O
EBCS
EID
EIPCS
EMCS
EMP-1
EMP-2
EOBVC
EQPVC
EQPVO
ESTDCS

RASIS-1
RASIS -2

RGGS-1
RGGS-2

QF-14a
QF-2
QFRP
QO-1A
Q0-2
QORP

FSP-1
FsY-1

LFVT
LGGYVT
LOTBVT
LOVT
LPUTOP
LSTDVT

Param-ter

Current
Cant:ol
1grition
Epgane Cutofl Lock.n
Engine Cutofl Signal
Engine Star. Command
Fue. Bleed Ya.ve Cleded Limat

Fuel Injector Tempereture

Fuel Prevalve Closed{Open Limit

Hehwm Control Solenoid
lgnition Detectad

Ignition Phase Control So.ena.e
Main-Stage Control Sclenolz
Main-Stage Fressure No, 1

Mamn-Stage Pressure No. 2

Oxicizer B.eed Valve Closed Limr:

Oxiayzer Prevalve Closed Limat

Oxadizer Prevalve Open Lamt

Start Tank Pischarge Control
Solenoid

Augmented Spork lgriier Spork
Ne. 1

Augmented Spark Igniter Spark
No. 2

Gas Generator Spark No, 1
Gas Gererator Spark Na. 2
Flows
Fuel
Fuel
Fuel Recirculation
Oxidizer
Oxiaizer
Oxydizer Recireulation
Forces
Side Load (Patch)
S1de Load {Yaw)
Position
Main Fuel Valve
Gas Generator Vouve
Oxadivzer Turbiine Bypass Valve
Mszin Oxidizer Valve
Propellant Utihization Valve
Szart Tank Dizcharge Valve

TABLE i1
INSTRUMENTATION LIST

Tap Micro- Magnenic Oscillo- Strip X-Y
No Eange SADIC Tepe graph Crzrt Plotter
am
D to 30 X
010 20 X x
OnjUf x <
OnfOrt x % x
On fOff X S
OpealClosea x
Or/Off X X
Closed/Open x x
On{Off X 13
On/Off X x
On/Off X x
On /oLl x X
On/Ofr x X
On/Off x %
Open/!Closed x
Closed x %
Open x x
On /01t x x x
Oa’Or x
X
On /Oif X
OniOff x
Epm
PFF 0 to §0Q0 x x
PFFA 0 to 8000 X x x
0 to 16D x
POF 0 o 3000 x X
POFA 0 to 3000 x X X
0 to 50 % X
lti
=20, 60O X x
120, 000 x X
Percent Open
0 to 100 X
0 to 100 x x
Gto 100 X X
010 100 X x x
0 toc 100 < LI 4
0 to 100 E x
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AEDC
Cude

PaL
PAZ
PA3
PC-1P
PC-2
PCASI-2
PCGG-2
PHEASLS

PFI-1A
PFJ-2
PFIGG-14
PFIGG-2
PEMI
PrOI-1A
PFPC-1A
PFPD-1P
PFPD-2
PFPI1-1
PFPI1-2
PFPI-2
PFPS5-1P
PFRFO
PFRPR
PF3T-1P
PFST-2
PEFUT
PEV]

PKVL

PGBXN1
PIECMO
PHECP

FHET-1P
FHET-2
PHRO-1A
PORBSC
POBV

POJ-1A
PQOS-2
POJGG-14

TABLE 11}-1 (Centinuved)

Parameter

Pressure
Test Cell
Test Cell
Test Cell
Thrast Chamber
‘Lhrust Chamber
Augmented Spark Igniter Chamber
Gas Generztor Chamber

Augmented Spark lgniter Fuel
Injection

Main Fuel Injection

Main Fuel Injection

Gas Generator Fuel 1njection
Gus Generator Fuel Injoction
Cuel Jacket Inle: Manmfeld

Fael Tapoff Orilice Ouuet

Fuczl Pump Balance Pision Cavity
Fuel Pump D.ycharge

Fuel Pump Dhseharge

Fuel Pump Inlet

Fuel Pump lnlet

Fuel Pump Inlet

Fuel Pump Interstace

el Reerwrcddation Pump Outlet
Fuel Recirculation Pump Retaua
Fuel Star. Tank

Cuel Start Tank

Fuel Tank Ullage

Fuel Tank Repressurization Line
Nozzle Inlet

Fucel Tank Rep:essurization Lane
Nozzle Throat

Bypasa Nczzle Inles
Pncumatic Control Module Oatlet

Onidizer Rurearculation Pump
Pavpe

Helium Tank

Helwum Tank

Helium Hegulator Qutlet
Oxidizer Baotstr ap Conditioning

Gas Generator Oxidizer Bleed
Valve

Main Oxidizer 1meciion
Mauin Oxsdizer Inection

Gas Generator Oxidizer Injectaion

Tap
No

CG1
CG1lA
IG1
GGl1A

crz
CF2A
GFz
GF4
crl

PFS5
PF3
PF2

FF&

TF1
Tr1

rGga

NNa
NN1
NN2

GO2
Co3
CO2A
Los

Micro- Dagnetie
Range SADIC Tape
sia

0to 0.5 X

0Otol O X x
0io&.0 N

0 to 16000 S

0 to 1009 X x
0 to 1002 x

00 1000 X

0 to 1000 x

0 to 1000 X

0 toc 1DOO X x
D 10 1000 x

D to 1000 X

0 to 2030 k4

0 to 1C00 x

3 to 1000 »

D to 1500 ES

Q to 1500 X x
0 to 100 x

0 te 200 x

0 to 20D X
010 200 A4

0 to 50 x

0 to 30 X

0 to 1500 X

0 to 1500 x

0to 100 X

0 to 1000 x

C to 1000 X

0 to 200 x

dto 750

00150 x

0 to 3500 2

0 to 3500 X

0 to 750 ® N
0 to 50 X

0 to 2000 X

0 ta 1000 X

0 te 1000 x

0 to 1000 x
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ALDC
Code

POJGG-2
POPBC-14
POPD-1P
POPL-2
POP1-!
PO®L-2
POPI-3
POPSC-14

PORPO
PORPR

POTI-1A
POTO-18
POLT
POVCC

FPOVI
POVL

PPUVI-1A
PPUVO-1A

PTCHIP

PIPP

NFP-1P
NFRP
NOP-1P
NORP

A
raz
TAS
TA4
TAIP-1A
TBHER-1

TBHR-2

TB:C
TCLC

TABLE 111-1 (Continued)

Pasameler

Pressure
Gas Generator Ouadizer [njection
Oxidizec Pump Braring Caulam
Oxicizer Pumn Discliarge
Oniaizer Pumyp Diseharge
Oxic_zer Pamp inies
Oxwerzer Puinp Inlet
Oxic3zer Pump Inlet

Oxiadazer Pump Poamary Seal
Cavity

Oxidizec Recirculation Pump
Qutlet

Ovidizer Recirculation Pump
Rewurn

Osachzere Turb.ne Inlet
O~adizer Turs.me Outlet
Oradizer Tans Ullage

Main Oxadizer Valve Closing
Cantro:

Oxadizer Tank Reptessutization
Lane Nazzle Inlet

Oxidizer Tank Repressurization
Lanpe Xozzle Fhroat

Propellant Uu..zation Valve Inlet

Propellant Uli..zalion Valve
Qutle:

Thrust Chambel duel Jacket
Puarge

Tubopump and Gas Generatot
Purge

Speeds
Fuel Pump
Fuel Recirculation Pump
Oxidizer Pump
Oxidizer Recirculation Pump
Cemperdtures
Tes: Ce.l {North)
Test Cell {kas)
Tesl Ce.l {South)
Test Cell {%est)
Auxiliary Instrumnent Package

Helium Regulator Body \North
sadel

Helwum Regulator Body (South
Side)

Oxadizar Bootstrap Cand.tioning

Main Qxidizer Valve Closing
Caateor Lane Cenditioning

Fap

No

G3
PO7
POJ
o2

POb

£G13
TG4

ideki]

POY

POV

Range

010 1000
010 500
015 1500
0 1o 1509
0 to 1GD
€ Lo 200
0lo IOO

0o 50
Oto 113

O to 100
J1v 200
WTEN ()

%0 100
0 o 500
0 te 3000

3 to 1000
0 to 1000

G to 500
Q0 to 100

Q0 to 250
Fpm
@ to 30, DO
0 lo 15, 000
0to 12,000
dto 15,000
F_
~50 to +500
-50 ta +8AD
=50 to 4800
~50 to +800
-300 to +200

=100 to +50

-100 10 -50
-350 w0 - 150

-323 10 +200
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TABLE ljl-1 {Continved)

AEDC fap Micro- Magnetic Oscille-  Strip X-yY
_Code Parameter Ko Range SANIC Iape graph Chart Plotter
Temperatures °F
I'ECP-1P Electrical Conrels Package NST1A -300 to +200 X x
TLFPASLY Augmentec Spark lgniter Fuel
Injection IFl! -425 to 100 X X
TFBY-1A Fuel Blecc Valve GLTY -423 0 -375 E
TFI-1P Main Fuel Irjectian CFT2 -425 to 250 x x *
rFPD-1P Fuel Pump Discharge PET1 -425 to -400 x X X
TFPD-2 Fuel Pump Discharge PET1 -425 to -400 X
TFPDD Fuel Pump Discharge Duct -320 to +300 %
TFP1-1 Fuel Pump Tnlet -425 to -400 X X
IrrPI-2 Fuel Pump lnlet -425 tc -400 X X
TFRPO Fuel Recirculation Pump Ouilet -425 te -410 x
TFRPH Fvel Reciculation Pummp
Return Line -325 e -£50 X
TFRT-1 Fuel Tank -425 to -41¢ x
FFRT-2 Fuel Tank -425 to -410 x
TFST-1P  Fuel Stact Tank CFT1 -350 10 +100 X
TEFST-2 Tuel Start Tank IrT1 -350 to ~100 X x
TFTEC-1 Fuel Turbane Mischarge Duct -200 to +800 x
TFTD-1R Fuel Turbine Discharge
Collecter -200 to 4800 x
TFTD-2 FFuel Turbine Mecharge Duct -200 to +1000 x X
TFTD-3 Fuel Turibine Discharge Duct =200 to 41000 x x
TFTD-3R Fuel Toroine Discharge Line -200 to +800 X
TFTD-4 Fuel Turbine Discharge Duct -200 to +1000 X
TFTD-4R Fuel Turbine Discharge Line -200 to +300 x
TFTD-5 Fuel Turbine Discharge Duct -200 to +1400
TFTD-b Fuel Turbine Discharge Duct -200 to +1400 X
TFTD-7 Fuel Turbine Digcharge Duct -200 to +1400 x
TFTD-6 Fuel Tura:ne Discharge Duct -200 10 41400 x ~
TFTI-1P Fuel Furnine lnle. TIT1 Y to 1830 X x
TFTO Fuel Turb.ne Qutlet TFr2 0 to 1800 X
TGGO-1A  Gas Generator Outlet GGT!t 0 to 1300 x x %
THETI-1FP Helium Tank NNTI -350 to +100 X X
TMOVC Main Oxadizer Valve Actuator
Conditiomng -325 to +200 x
TOB3-1 Oxidizer Bootstrap Line -300 to +230 X
TOBS-2 Oxadizer Bootsirap Line -300 to +250 <
‘TOBS-3 Oxadhizer Bootetrap Line -300 o +250 x
TOBS-4 Oudizer Bootstrap Line ~300 to 4230 <
TOBS-5 Oxidizer Boots:irap Line -300 J0 +230 €
TOBSCI Oxidizer Bootstrap Conditiorang
Iniet 010 100 X
TOBSCO Oxadizer Bootstrap Conditioning
Outlet 0 to 100 b
TOBV-1A Oxidizer Bleed Valve GOT?2 -300 to -250 x
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ACDC
Code

TFOPH-14
ragPL-12
[oPD-2
rorns
TOPL-1
TOP1-2
FORPO

TORPR

TORT-1
10RT-3
TOTL-1F
10TG-1P
TOVI.

TPIP-1IP

TiC2-9
15C2-10
13C2-11
TsC2-12
T3C2-43
rsce-14
T5C2-15
TsC2-16
TSC2-17
15C2-186

TSC2-23
T>C2-24
TSOVAL-)

TABLE Hi-Y (Continved)

Tap
Parameter No

lemgperalures
Oxicizer Pamp Hezt ng Coalam rory

Camieet Punip Dinchas ge POTH
Oxathzer Piunp D.schia: ge POL g
Oxvhzer Pump Discharge Skin

Oswrirzer Punip Incet

Oaxidizer Pump Enlet

Chaadizer Recireutation Pump
Qutlet

Oxadizer Rewi:culation Pamyp
Kewwrn

Onadizer Tuns
Owirlizer Lank
Osxadizer Tutbine Inlet TGC3
Onacizer Curbine Outiet TGI3

Oxidizer Tank Repressurization
Lane Nozzie Threoat

Pirimary Insteument Package
Pneumatie Pacgage Conaitioning
Thiust Chanibe: Shin
[hrust Chawnoer Skin
Thrust Chamnber Skin
Thrust Chamber Skin
1hrust Chamber Skin
Thruat Chamber Skin
Thrust Chamber Skin
Thrust Chamber Skin
Tharust Chamber bhin
Farasl Chamber Skin
Thrust Caamaber Skan
Thiust Crambe. Skan
Thiust Chambrer Skin
Thrust Chamber Skin
Thrust Chamber Skin
Thrust Chamber Shin
Trrust Chamber Skin
‘Trrast Caamber Skin
Thy st Coamber Skin
Chivst Chamber Skin
Thrust Chamber Skin
Thrust Chambgr Skan
Thrust Chamber Skin
Thrusi Chamber Shin

Oxaidezer Valve Closing Cantiol
Lane

Micro- MAlagnetic Oscillo- Strip X-Y
Range SADIC Tape graph Chart Plotter
°F

-300 1o -25C bS

=20 Lo =250 X x x »
-203 10 -230 X

-30G to -100 X

=310 w0 -270 x X
-310 tc =270 b1 X
+300 10 -250 %

-308 to =140 X

=300 ta =287 x

-Ju0a -287 X

010 1200 b3 x
0 to 1000 x

-300 to +100 X

-300 10 4200 x

-325 tw ~200 x

-300 to =300 %

=300 te 500 X

- 100 to +5ud x

-300 to 4500 x

-300 to +500 x

-300 10 +500 x

-300 ta +500 %

-300 o ~500 X

-300 to +500 X

- {00 to 4203 x

=400 to 4RGN x

=<0 10 4500 x

=300 <n #500 X X
-300 10 -500 x

=300 t0 1500 kS

=300 to +500 x

- 300 to +500 X

=300 to 459U X

=405 0 - 500 x

=300 t0 +500 X

=300 i0 -300 b3

-300 to 45300 x

-300 to +500 X

=300 10 +500 x

-2Q0 to +160 X
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AFDC
Code

TSOVAL-2

TSOVC-1
TSOVC-2

TSTC
TSTDVCC

TSTDVOC
TTC-1P

TTCEP-1
TXOC

UFPR
UCPR
UTCD-1
uTCD-2
UTCD-3
Ulvsc
V2vsCc

vCce

VIB
ViDA
VPUTEP

TABLE 111-1 (Concluded)

Tap
Pacameler No. _Range
Tempecatures °F

Oxidizer Valve Closing Control
Lne -200 to +100
Oxidizer Valve Actuator Cap -325 to +150
Oxidazer Valve Actuator Filter
Flange =325 to +350
Start Tank Conditioming -350 to 4350
Start Tank Discharge Valve
Closing Conlrol Port -350 to +100
Start Tunk [hscharge Valve
Opening Comtrol Port =350 to +100
‘Thrust Chamber Jacket
(Control) Cs1 =425 to +500
Thrust Chamber Exat +423 to +500
Crossover Duct Conditioning -325 to +200

Vibrations £
Fuel Pump Radial 90 deg £200
Oxidizer Pump Radial 90 deg 3200
Thrust Chamber Dome 500
Thrust Chamber Dome 500
Thrust Chamber Dome £500
Na. 1 Vibration Safety Counts On/Oft
Na. 2 Vibration Safety Counts On/Oft

Voltage Yolis

Control Bus 0to 38
Ignition Bus 0 to 38
Ignition Detect Amplifier 9to 16
Propellant Utilization Valve
Excitation 0to$
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APPENDIX 1Y
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM)

TABLE V-1
PER FORMANCE PROGRAM DATA INPUTS

I;]e: Parameter
1 Thrust Chamber (Injector Face) Pressure, psia
Thrust Chamber Fuel and Oxidizer Injection Pressures,
psia
3 Thrust Chamber Fuel Injection Temperature, °F
4 Fuel and Oxidizer Flowmeter Speeds, Hz
5 Fuel and Oxidizer Engine Inlet Pressures, psia
6 Fuel and Oxidizer Pump Discharge Pressures, psia
7 Fuel and Oxidizer Engine Inlet Temperatures, °F
8 Fuel and Oxidizer (Main Valves) Temperatures, °F
9 Propellant Utilization Valve Center Tap Voltage, volts
10 Propellant Utilization Valve Position, volts
11 Fuel and Oxidizer Pump Speeds, rpm
12 Gas Generator Chamber Pressure, psia
13 Gas Generator (Bootstrap Line at Bleed Valve)
Temperature, °F
14 Fuel* and Oxidizer Turbine Inlet Pressure, psia
15 Oxidizer Turbine Discharge Pressure, psia
16 Fuel and Oxidizer Turbine Inlet Temperature, °F
17 Oxidizer Turbine Discharge Temperature, °F

*At AEDC, fuel turbine inlet pressure is calculated from

gas generator chamber pressure.
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"W O WOz

=

TC*

v D S W N

SUBSCRIPTS

A
AA

NOMENCLATURE

Area, in.2

Horsepower, hp

Characteristic velocity, ft/sec

Specific heat at constant pressure, Btu/lb/°F

Diameter, in.

Head, ft

Enthalpy, Btu/lb,,
Molecular weight
Speed, rpm

Pressure, psia

Flow rate, gpm
Resistance, sec?'/ft3—in.2

Mixture ratio

Temperature, °F

Theoretical characteristic velocity, ft/sec

Weight flow, 1lb/sec
Pressure drop, psi
Ratio

Ratio of specific heats
Efficiency

Degrees

Density, lb/ ft3

Ambient
Ambient at thrust chamber exit

Bypass nozzle
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BIR
BNI

CF
CcO
CV

EF
EM
EO
EV

em

FIT
E'al
EY

GF
GO
H1
H1R
H2R
1F
10
ITF
ITO

NB

Bypass nozzie inlet { Rankine)
Bypuss nozzle inlet (total)
Thrust chamber

Thrust chamber, fuel
Thrust chamber, oxidizer
Fhrust chamber, vacuum
Engine

Engine fuel

Engine measured

Engine oxidizer

Engine, vacuum

Exit

Exit measured

Thrust

Fuel turbine inlet

Fuel measured

Thrust, vacuum

Fuel

Gas generator

Gas generator fuel

Gas generator oxidizer

Hot gas duct No. 1

Hot gas duct No. 1 (Rankine)
Hot gas duct No. 2 (Rankine)
Inlet fuel

Inlet oxidizer

Isentropic turbine fuel
Isentropic turbine oxidizer
Nozzle

Bypass nozzle (throat)
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nNv

oC
OF
OFIS
OM
00O
PF
PO
PUVO
RNC
SC
SCV
SE
SEV

TEF
TEFS
TF
TIF
TIFM
TIFS
TIO

t

A%

\

XF
X0

Nozzle, vacuum

Oxidizer

Oxidizer pump calculated
Outlet fuel pump

Outlet fuel pump isentropic
Oxidizer measured

Oxidizer outlet

Pump fuel

Pump oxidizer

Propellant utilization valve oxidizer
Ratio bypass nozzle, critical
Specific, thrust chamber
Specific thrust chamber, vacuum
Specific, engine

Specific, engine vacuum
Total

Turbine oxidizer

Turbine exit fuel

Turbine exit fuel (static)

Fuel turbine

Turbine inlet fuel (total)
Turbine inlet, fuel, measured
Turbine inlet fuel isentropic
Turbine inlet oxidizer

Throat

Vacuum

Valve

Fuel tank repressurant

Oxidizer tank repressurant
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PERFORMANCE PROGRAM EQUATIONS

MIXTURE RATIO

Engine

g = JEO
YEF

VeEo = Wom - ¥xo

|
=

w

-

Wer = Wepm

W = WEo - Wur

Thrust Chamber
IcC = ¥eo
Wey

Weco = Wom - Wxo -~ Reo
Wep = Wrpy - Waxrp - Wer
Wxo - 0.8 lb/sec
WXF = 1.8 lb/sec
%co = % -~ WgrF

) w
g - T
CF 1+ G
W - Prir Arip Kg
TC*T1R
K, = 32.174

%c = Weo + Wi

CHARACTERISTIC YELOCITY

Thrust Chamber

C* = K? Pc At
'C
K, = 32.174
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' DEVELOPED PUMP HEAD

Flows are normalized by using the following inlet pressures, tem-
peratures, and densities.

Pio = 39 psia
Pir = 30 psia
P10 = 70.79 Ib/ft
pI'F = 4-40 lb,r’.ft:

Tio - -295.212°F
Tip = -422.547°F

Oxidizer
Poo PIO)
Hp = K —_—
° * (Poo P10
K, = 144
p = National Bureau of Standards Values f {P,T)
Fuel

He = 778.16 AhoFis
Ahoris = horis - hir

horis = f(P,T)
hip = #(P,T)

PUMP EFFICIENCIES

Fuel, Isentropic

_ hopis - hiF
T " hor - hip
hor = {(PoF, Tor}

Oxidizer, Isentropic

70 = 7Toc Yo
2
. {0 . {9 )

'qOC £ I\40 (I\?Oo) - Kso <_NP_(?)+ l\GO
K40 = 5.0526

Kso = 3.8611

Keo = 0.0733

Yo = 1.000
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TURBINES

Oxidizer, Efficiency

Bio

710 T Brro

Wpo I
|\r, o 0

Byro =
ro o

Rg = 0.001818

Wpo = WoM + Wpnvg

, KV " £0
WPU\'O = _”.:{—0_0
v

Zruvo = A + B (Poo)
A = 1397
B = 23823

IFPgo > 1010 Set Pga = 1010
fruvo

In k= Ay 5+ B, Bpyve) + ClOprye)® + Dy le)

9Pyvo fruvo{?
- By Bpive) (o) I + Iy [(e) ‘

A, = 5.3650 » 107!
B, = 1.4997 . 1072
C, = 7.0113 « 107¢
N, = 1.2313

B, = -1.2554 » 1072
'y = 5.0691 5 102
GPU\‘O = 16,5219

Fuel, Efficiency

Bir
Brry

BiTr = Kip Ahp Wy

TTF =

Ahp = hTiF - briF
Brr = Bpr = Ks (———W"F “‘)

Ty
Wpr = Wpy
Ky = 0.001818
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Oxidizer, Developed Horsepower

Bto

Bro

K56

Fuel, Developed Horsepower

Btr
Bpr

¥pp

]

BPO + KSG

- Wpp Ho
K¢ T

=15

Bpr
. Wpp Hy
l\5

771
Nrm

Fuel, Weight Flow

Wrr

WT

Oxidizer Weight Flow

Wto = Wr - Wp

Vg

Panc
BNB

Y2 Mug

ANB

TBIR
Pen1

PrEFS

PrEF

)
©

1

2K '
27 B2 poae)
YHo2 -1
f (BNB) yuq)

DN
Dp

f(Tuzr, Re)
Kia Dy
0.7854
Trio - 160
Prers

Iteration of PTEF

YH2-1

Yaa

1 - Pgyo

THoR

AEDC-TR-67-181

Axp Pexi

(Re2Tpp) %

YH2~1

Yo

w
PTEFS [1 + Kg (PTE:;

38.8983

89
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GAS GENERATOR

Mixture Ratio

r¢ = Dy (Tu® + €, (Ty))? - B, (Tyy - 4,
A, = 02573
B, = 5.58 x 107*
C, = -5.332 x 10°°
D, = 11312 x 107!

Ty = TTieM

Flows
TC*1ir = D, (TH® + C, (TupP? + B, (Tup) + A,
A, = 4.4226 = 10°
32 = 3.2267
€, = -1.3790 x 10~3
D, = 2.6212 x 1077
YH1
2 v
® T Yy - L] 7H1-1
Prir = Prirs |1 - Ky{—— LA i
PTIFs D rir My, YH1
Ka = 38.8983
Note: Pyp is determined by 1teration.
Tiig = Tmyr

Mi1, Yy, Cp, rHy =

{ (Tutg, rg)
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13 ABSTRACT

Four firings of the Rocketdyne J-2 rockei engine were conducted in
Test Cell J-4 of the Large Rocket Facility. The firings were accom-
plished during test period J4-1801-01 at pressure altitudes ranging
from 97,000 to 108,000 ft at engine start to evaluate S-V/S-1I gas
generator ignition characteristics for J-2 engine J-2052. Engine com-
ponents were temperature conditioned to the predicted values for the
S-1I interstage/engine environment. Satisfactory engine operation was

obtained. The accumulated firing duratiom was 45.3 sec.
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